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Preface

This volume contains the proceedings of the 18th International Colloquium on
Theoretical Aspects of Computing (ICTAC 2021), which was held during
September 8–10, 2021. The event was supposed to take place in Nur-Sultan,
Kazakhstan, but due to the pandemic it had to be held as a fully virtual event, organized
by Nazarbayev University.

The conference concerns all aspects of theoretical computer science and aims at
bringing together researchers and practitioners from academia, industry, and govern-
ment to present research and exchange ideas and experience, addressing challenges in
both theoretical aspects of computing and the exploitation of theory through methods
and tools for system development. ICTAC also aims to promote research cooperation
between developing and industrial countries.

ICTAC 2021 received 55 paper submissions. Almost all papers received at least
three reviews. Based on the reviews and extensive discussions, the program committee
decided to accept 20 papers. This volume contains the revised versions of these 20
papers, which cover a wide variety of topics, including: getting the best price for selling
your personal data; attacking Bitcoin; optimizing various forms of model checking;
synthesizing and learning algorithms; formalizing and verifying contracts, languages,
and compilers; analyzing the correctness and complexity of programs and distributed
systems; and finding connections from proofs in propositional logic to quantum pro-
gramming languages.

The conference also featured invited talks by Wil van der Aalst (RWTH Aachen
University, Germany), Alan Dix (Swansea University, UK), Kim Guldstrand Larsen
(Aalborg University, Denmark), and Grigore Rosu (University of Illinois at
Urbana-Champaign, USA). An abstract of the invited talk by Larsen and full papers
accompanying those by van der Aalst and Dix are included in this volume.

Many colleagues and friends contributed to ICTAC 2021. We thank the invited
speakers for accepting our invitations to give invited talks and the authors who sub-
mitted their work to ICTAC 2021. We are grateful to the members of the program
committee and the external reviewers for providing timely and insightful reviews, as
well as for their involvement in the post-reviewing discussions. We would also like to
thank the regional publicity chairs for their work attracting submissions and Springer
for sponsoring the Best Paper Award.

July 2021 Antonio Cerone
Peter Csaba Ölveczky
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Model Checking and Machine Learning
Joining Forces in UPPAAL (Invited Paper)

Kim Guldstrand Larsen

Department of Computer Science, Aalborg University, Denmark

In the talk we offer a detailed presentation on how the symbolic model checking
techniques of Uppaal has joined forces with machine learning during the last 10 years.

The first step towards exploiting the efficiency of machine learning in UPPAAL was
made in the branch UPPAAL SMC. Here [5], UPPAAL SMC offers highly efficient sta-
tistical model checking capabilities in order to provide performance analysis for a rich
class of stochastic hybrid automata [10], and in a manner that consistently refines the
Boolean verdicts of the model checking capability of classical UPPAAL. During the last
10 years this effort includes development of a sound theoretical foundation (e.g. the
underlying stochastic semantics of timed automata [2]), the supporting algorithmic
analysis (e.g. sequential testing a’la Wald), the efficient tool implementation as well as
a long range of applications.

Most recently the SMC engine of UPPAAL has been considerably accelerated by
exploiting independencies of system components during generation of random runs. In
UPPAAL SMC , as in Gillespie’s algorithm for biochemical systems, components are
repeatedly racing against each other, calling for a resampling of all components after
each step. A challenge is to prove that resampling only step-dependent components
leave the probability distribution on runs unchanged. Another challenge is to develop
static analysis methods for identifying independencies. This in turn has significantly
reduced the complexity of run-generation (from quadratic to – in practice – linear),
allowing UPPAAL SMC to scale to millions of components, as witnessed by recent
applications to so-called Agent-based models for COVID19 analysis with millions of
components, e.g. one per citizen of Denmark [9]. In addition, using the SMC engine
may be used to generate synthetic data from stochastic hybrid automata in order to
learn Bayesian networks for infering beliefs of key observable and unobservable
properties in settings with scares data [8].

In the most recent branch UPPAAL STRATEGO [4, 3], symbolic techniques are com-
bined with reinforcement learning to efficiently obtain near-optimal yet safe strategies
for hybrid Markov decision processes. Taking as inputs 1) a hybrid Markov decision
process H, 2) a safe constraint / and 3) an objective function O to be optimized,
UPPAAL STRATEGO first provides a most permissive safety strategy guaranteeing that / is
fullfilled using a timed game abstraction of H. Here well-known symbolic model
checking techniques are used. Next, applying various learning methods, sub-strategies
(thus still safe) optimizing O are subsequently obtained. The talk will present new
(Q-, M-, ..) learning methods developed [7], preliminary results on their convergence
[6], the ability to learn and output small and explainable strategies using decision trees



[1], and the approach for taking partial observability into account. In addition the talk
will provide a demonstration of the new UPPAAL STRATEGO on the Smart Farming
Challenge of the Dagstuhl seminar “Analysis of Autonomous Mobile Collectives in
Complex Physical Environments” (October 2019). Also on-going applications of
UPPAAL STRATEGO on water-management, traffic-light control, energy-aware building ao
will be pointed out.

During the next five-year period the effort on combining model checking and
machine learning will continue in the newly granted Villum-Investigator Center S4OS1

of the speaker.
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